Abstract. Net diversification rates were estimated for samples of primarily tribe-tofamily-level clades of passerine birds, taking into account extinction as well as speciation. Two samples were used. The first consisted of 37 clades of primarily temperate North American and primarily tropical South American passerines; the second comprised a global set of 90 clades, each distributed within one or more zoogeographic regions. Circumscription and ages of clades were taken from Sibley and Ahlquist's phylogeny based on DNA hybridization, with updates from more recent sequence analysis. Under a homogeneous speciation (rate ¼ k) and extinction (rate ¼ l) process, the expected number of species (N) after t units of time can be described by the expression,
INTRODUCTION
Ecologists recently have become interested in the role of history and large-scale processes in establishing global patterns in species richness, particularly the trend of increasing diversity toward the tropics (Hillebrand 2004) . Tropical environments dominated the early Tertiary history of the earth, providing deeper roots for tropical diversity compared to temperate and boreal regions with seasonally cold environments (Terborgh 1973 , Latham and Ricklefs 1993 , Wiens and Donoghue 2004 , Ricklefs 2005a . Several authors have further argued that rates of diversification are higher in tropical latitudes (Fischer 1960) , suggesting that (1) higher temperature or energy flux promotes more rapid evolution (Rohde 1992 , Allen et al. 2002 , Brown et al. 2004 , Davies et al. 2004a , b, Evans and Gaston 2005 ; (2) more equitable climate favors habitat specialization leading to reduced dispersal and gene flow (Pianka 1966 , Stevens 1989 ); or (3) more intense biological interactions drive adaptive change (Dobzhansky 1950 , Schemske 2002 , Currie et al. 2004 ). The ''null'' hypothesis for these scenarios is that rates of diversification do not differ between temperate and tropical regions. Initial attempts to test this hypothesis involved sister-taxon comparisons (Farrell and Mitter 1993 , Cardillo 1999 , Davies et al. 2004b . Because sister taxa have identical ages, differences in number of species must reflect differences in the realized net diversification rate (speciation minus extinction). The qualifier ''realized'' is made necessary by the stochastic nature of speciation and extinction, according to which a single process can lead to a wide range of outcomes, making large samples of independently evolving clades necessary to achieve reasonable statistical power. However, because sister taxa tend to retain ancestral ecological relationships, it is often difficult to find pairs that differ primarily in latitudinal distribution. Indeed, the first such analysis, by Farrell and Mitter (1993) , included only five sister pairs of clades of herbivorous insects, three of which favored the temperate lineage in species number. In a widely cited paper, Cardillo (1999) compared a larger number of sister clades of butterflies and passerine birds (Passeriformes). Of the 11 comparisons involving birds, the tropical clade was more diverse in 10 cases (binomial test, P , 0.001). However, as Cardillo et al. (2005b) later acknowledged, the constraints imposed on identifying appropriate sister clades severely limit such comparisons. For example, seven of the smaller passerine clades in Cardillo's (1999) study, including six of the higher latitude members of the sister pairs, belonged to a category of small lineages (Ricklefs 2003 ) that apparently persist with low rates of diversification at the geographical and ecological margins of the space occupied by most passerine birds (Ricklefs 2005b) . Hence, the latitude comparisons in Cardillo's study might have been confounded by other factors.
To circumvent this problem of sister-clade comparisons, Ricklefs (2005b) and Cardillo et al. (2005b) analyzed variation in the net diversification rates of samples of clades of New World birds chosen without regard to relationship. Ricklefs (2005b) compared diversification at a regional level among clades in several tribe-to-family-level taxa of passerine birds that are endemic either to tropical South and Central America or to temperate North America. Cardillo et al. (2005b) compared diversification in genera of all types of birds as a function of their midpoint latitudes and other distributional (clade area) and environmental (temperature and productivity) attributes. In both studies, ages of clades were estimated from the depth of the nodes uniting them to sister lineages in the phylogeny of Sibley and Ahlquist (1990) , supplemented by more recent molecular phylogenetic analyses where available. Both studies found higher diversification rates in clades at lower latitudes (i.e., South and Central America . North America in Ricklefs's study). However, when five monotypic clades were dropped from Ricklefs's (2005b) analysis of 36 clades, and 14 monospecific genera were dropped from the analysis by Cardillo et al. (2005b) of 37 genera, the latitudinal and regional differences in net diversification rate disappeared, once more raising the possibility of confounded variables associated with small clade size.
Both Cardillo et al. (2005b) and Ricklefs (2005b) estimated the net rate of diversification as the logarithm of the number of species (N) divided by the age of the clade (t). This is suitable for a pure speciation process, in which case speciation rate k can be estimated by ln(N)/t. However, this estimate is biased where extinction occurs because ln(N)/t decreases with increasing t under a homogeneous speciationÀextinction process (Kendall 1948 , Nee et al. 1994b , Magallo´n and Sanderson 2001 . Thus, comparisons of ln(N)/t between clades of different age are inappropriate and potentially misleading.
In this analysis, I compare the diversity of clades of passerine birds in large zoogeographic regions to determine the effects of the predominant environment (tropical vs. temperate) and the area of the region on rates of diversification. I reanalyze the data of Ricklefs (2005b) , treating diversification as a speciationÀextinction process. A larger global data set is then evaluated in the same manner. The present analysis differs from that of Cardillo et al. (2005b) in (1) considering a larger number of (2) predominantly tribe-level clades, (3) examining the effects on diversification of regional factors rather than clade-specific factors, and (4) incorporating, to the extent possible, the influence of extinction on estimates of net diversification rate. The primary conclusion, which is strongly supported by the data, is that the net rate of diversification in passerine birds is higher in both larger and more tropical regions, consistent with a strong role for regional factors in the origin of global patterns in diversity. A second result of the analysis of the global data set is that net diversification rates appear to decrease with clade age, supporting the hypothesis that the filling of ecological space constrains further diversification.
MATERIALS AND METHODS

Delineation of clades
I identified clades in the phylogeny of Sibley and Ahlquist (1990) , updated by more recent information on relationships based on sequence data, particularly from Barker et al. (2004) . Each clade was assigned to one or more regions based on the predominance of its species distributions in those regions. In some cases, species outside the designated region or regions were deleted to circumscribe the contemporary diversity of each clade geographically. Some clades with broad distributions were assigned to concatenated regions, including the entire globe (''cosmopolitan'') in a few cases. Each clade was assigned a relative age based on DNA hybridization (Sibley and Ahlquist 1990) , expressed as the temperature difference between the mid-melting points of monoduplexed and heteroduplexed DNA (DT 50 H, 8C). The age of each clade was the stem age measured from the node connecting to the nearest sister taxon. Because Sibley and Ahlquist's sampling was relatively complete at the level of tribes, missing taxa would have minimal effect on these estimates.
Comparison between temperate North America and tropical South America Ricklefs (2005b) compared the number of species in 14 clades of passerine birds restricted to South America (primarily tropical) and 23 clades restricted to North America (primarily temperate; see Appendix A), including five monotypic clades in North America (Cinclidae, Aegithalidae, Silviinae, Alaudidae, Motacillidae).
Global comparison
I extracted 90 monophyletic, primarily tribe-tofamily-level clades of passerine birds (see Appendix B). Numbers of species were determined from Monroe and Sibley (1993) . Using distributional information in Monroe and Sibley (1993) , species were assigned to a single region or were split between two or more regions, and then the total number of species in each region was tabulated for each clade used in the analysis. The regions were based on Edwards (1974) and correspond to the major zoogeographic regions of the earth (Brown and Lomolino 1998:24 
Consistency of time scaling
To determine whether the ages of nodes in the Sibley and Ahlquist (1990) phylogeny compare well with ages determined by phylogenetic analysis based on sequence data, I used values for both presented in Barker et al. (2004:Table 2) , with minor modifications (see Appendix C). In order to account for heterogeneity in nucleotide substitutions among branches, Barker et al. (2004) used both nonparametric rate smoothing (NPRS; Sanderson 1997) and penalized likelihood (PL; Sanderson 2002) approaches, which gave similar estimated nodal ages. Barker et al. (2004) calibrated their genetic distances against time by setting the basal passerine split of the Acanthisittidae to coincide with the separation of New Zealand from the East Gondwanan land mass (82 Ma [mega annum, or 10 6 yr]). Barker et al. (2004) used a conversion of 4.7 Ma/8C melting point difference recommended by Sibley and Ahlquist (1990:254 ¼ 4.5 Ma/8C), based on the splitting of ratite lineages coinciding with the breakup of Gondwana. However, Sibley and Ahlquist (1990) also suggested that genetic divergence might have proceeded more rapidly among small passerine birds with comparatively short generation times. Ages of nodes in either type of phylogeny are poorly calibrated at this point and provide only a relative time scale.
Diversification under a homogeneous speciationÀextinction process
The probability that a lineage either splits into two or becomes extinct can be described as a rate (time À1 ) that is inversely related to the average waiting time before each event. The difference between the rates of speciation (k) and extinction (l) is the net proliferation rate of a clade (r). In a pure speciation process, the expected number of lineages (N) present at time t is
Accordingly, the logarithm of the number of species increases linearly at a constant rate (d lnN/dt ¼ k). However, when lineages can become extinct, and speciation and extinction rates are constant over time, the expected number of lineages increases as (Kendall 1948 , Harvey et al. 1994 , Nee et al. 1994b , Magallo´n and Sanderson 2001 . For a given speciationÀextinction process where l . 0, the logarithm of the number of species initially (t ¼ 0) increases at rate Harvey et al. 1994) . Consequently, for a given speciationÀextinction process, estimating net proliferation rate by ln N/t (Cardillo et al. 2005b , Ricklefs 2005b can bias results, particularly when the extinction rate is close to the speciation rate (Paradis 2004) . When l is defined as a proportion (j) of the speciation rate k, i.e., l ¼ jk, the equation for N(t) becomes
Note that Magallo´n and Sanderson (2001) set l ¼ ek, but j avoids potential confusion with the base of the natural logarithms (e). Using Eq. 3 in nonlinear regression, I estimated k and j for a sample of clades from North and South America to obtain a rough approximation for the rate of extinction relative to that of speciation. Then, assuming a particular value of j, Eq. 3 can be rearranged to obtain
In practice, the value of j cannot be estimated accurately, so I conducted ANOVAs in k using a range of values of j. Magallo´n and Sanderson (2001) estimated r ¼ k À l, the net diversification rate, rather than k, using
which is equivalent to Eq. 4. For a given value of j, r and k are directly proportional to each other. The relative merits of using estimates r and k will be taken up in the Discussion, where I shall also demonstrate a small but consistent bias in the estimation of k and j owing to the stochasticity of speciation and extinction.
Statistical analyses
Various simulations of clade diversity (Ricklefs 2003) were performed with SAS software or within Excel spreadsheets. All statistical analyses were carried out with the Statistical Analysis System, version 8.12 (SAS Institute, Cary, North Carolina, USA), procedures GLM and NLIN.
RESULTS
Net proliferation rates of passerine clades in North and South America
I initially conducted an analysis based on a pure speciation model for comparison with Ricklefs (2005b) and Cardillo et al. (2005b) and, subsequently, with results from a speciationÀextinction model. The slope of the relationship between the natural logarithm of number of species and clade age ( Fig. 1 ) did not differ significantly between North American and South American clades (interaction F 1,33 ¼ 2.9, P ¼ 0.10), especially when the monotypic North American clades were deleted (interaction F 1,28 ¼ 0.05, P ¼ 0.83). With the interaction deleted from the analysis, clade age was not a significant effect on ln(N) when monotypic clades were included (F 1,34 ¼ 1.2, P ¼ 0.28), but was significant when these clades were excluded (F 1,29 ¼ 6.7, P ¼ 0.015). In the first case, average ln(N) in South American clades exceeded that in North American clades by 1.68 natural log units (F 1,34 ¼ 12.4, P ¼ 0.0013). In the latter case, with smaller clades excluded and differences in age accounted for, average ln(N) in South American clades exceeded that in North American clades by 0.96 natural log units (a factor of 2.6), but the statistical significance of this result was marginal (F 1,29 ¼ 5.0, P ¼ 0.033). The observed patterns parallel those of Cardillo et al. (2005b) and Ricklefs (2005b) , namely, that finding a significantly slower rate of proliferation at higher latitudes largely depended on including several monospecific clades in the temperate sample.
Pairs of related, but not necessarily sister, temperate and tropical clades compiled by Ricklefs (2005b;  see Appendix A) can be compared with respect to values of lnN/t, which account for differences in clade age. Among 14 pairs of clades in the same tribe-to-familylevel taxa, ln(N)/t was higher in nine South American members of the pair and tied in one, leaving four comparisons favoring the North American member of the pair. This result does not differ significantly from a random distribution, having no bias between regions (9.5 vs. 4.5; 
The net proliferation rate, ln(N)/t, is not corrected for the rate of extinction relative to that of speciation (j). Here, I estimated j and k by nonlinear least-squares regression of the ln-transformed version of Eq. 3, ln(N)
When applied to the 18 North American and 14 South American clades having more than one species (Appendix A), the estimated parameters were j ¼ 0.938 6 0.076 (mean 6 SE; 95% CI ¼ 0.783À1.094) and k ¼ 2.47 6 1.10 (95% CI ¼ 0.23À4.71), with F 2,30 ¼ 92, P , 0.0001, and R 2 ¼ 0.860. The effect of region can be included in this analysis by using the model ln( The apparent, or realized, diversification rates of North and South American clades can be compared by calculating k from ln(N) and t, assuming a particular value of j. Because j and k had broad confidence limits, I used a range of values of j (0. 80, 0.85, 0.90. 0.95, 0.98) FIG. 1. Relationship between clade size and age in North and South American clades of passerine birds. The line represents Eq. 3 fitted to the data, excluding the five monotypic North American clades, with parameters k ¼ 2.47 and j ¼ 0.938 (k, speciation rate; l, extinction rate; j ¼ l/k). The small vertical box encloses two points representing the North American Tyranninae and Icterini, both of which might include more than one independent lineage. Clade age is measured as the temperature difference between the mid-melting points of monoduplexed and heteroduplexed DNA (DT 50 H).
to estimate k for each clade (Eq. 4), and then compared the estimates of k between regions by Kruskal-Wallis tests (Table 1 ). This approach assumes the same value of j in tropical and temperate regions, which has not been ascertained. In these comparisons, the speciation rates, as well as the net diversification rates (r ¼ k À l), were significantly greater in South America than in North America, regardless of the value of j or whether monospecific clades were included (0.0009 , P , 0.0045) or not (0.0074 , P , 0.0350). The greater significance levels in this analysis compared to those associated with ln(N)/t can be attributed to removing error variance generated by age-related bias in the estimation of the net rate of species proliferation.
If one allows j to differ between North American and South American clades, it is possible to explain the difference in clade diversity solely by a higher extinction rate in North America or a higher speciation rate in South America. For example, when j ¼ 0.80 for South American clades and 0.98 for North American clades, the estimates of speciation rate are nearly identical for the two regions (k ¼ 2.09 and 2.13, respectively), but l is greater in North America (2.09 vs. 1.67). Alternatively, when j ¼ 0.80 for South American clades and 0.95 for North American clades, estimated extinction rates are similar (l ¼ 1.67 and 1.70, respectively) but k is greater in South America (2.09 vs. 1.79). Table 1 also presents the net diversification rate of clades in each region and their ratio between South and North America. Depending on the value of j and whether small clades were included, the net diversification rate was 1.46 to 2.86 times more rapid among South American clades, assuming the same value of j in both regions (see Discussion). The net diversification rate decreases as j increases because the speciation rate must increase considerably to produce a particular expected clade size, more than compensating for the increasing extinction rate. Alternatively, if the net diversification rate (r ¼ k -l) were constant, the higher diversity of South American clades could be explained by an increase in speciation rate (k) with a corresponding increase in the ratio j ¼ l/k. For example, estimated kl is about the same in North and South America (2.24 vs. 2.12) when the values of j are 0.80 and 0.95, respectively.
Using Eq. 4 to estimate k, given j, the number of species, and the age of a lineage, presumes that speciation and extinction rates are constant over time. If diversification within a clade is constrained as ecological space becomes filled with species (Pybus and Harvey 2000) , the rate of proliferation would decrease with time and the apparent average rate of speciation over the duration of a clade would decrease with increasing clade age. I tested whether the average net diversification rate decreased with lineage age by analysis of covariance with region as main effect and age of lineage as a covariate. Analyses were performed with and without monotypic clades, and over the same range of j values as in Table 1 . The interaction between age and region was not significant (P . 0.05). When this term was deleted from the model, the relationship between estimated k and relative clade age was negative for all but one analysis, and the slopes were significant for j , 0.90, but insignificant for j . 0.90 (Table 2) . The difference in estimated k between regions significantly favored South America in all analyses.
Global data set
I used linear regression to compare Sibley-Ahlquist (1990) estimates of relative ages based on DNA-hybridization genetic distances with the estimates of Barker et al. (2004: Table 2 ) based on nuclear intron (RAG-1 and RAG-2) sequences. Fourteen points were compared, ranging in estimated age from 14 or 17 Ma to 82 Ma (see Appendix C). Clocklike phylogenetic trees obtained by nonparametric rate smoothing (NPRS) and penalized likelihood (PL) produced similar results. Using NPRS, the slope of the relationship between Sibley-Ahlquist estimates, assuming 4.7 Ma/8C melting point difference, was 0.916 6 0.073 (mean 6 SE; t ¼ 12.6, P , 0.0001, R 2 ¼ 0.92). Neither this slope, nor that for PL (0.946 6 0.066; t ¼ 14.2, P , 0.0001, R 2 ¼ 0.94), differed significantly from 1. Thus, Sibley-Ahlquist genetic divergence agrees with an independent measure of relative time based on sequence analysis with respect to estimating the relative ages of clades. More impor- tantly, regardless of the absolute age calibration, the relative ages of Sibley-Ahlquist clades parallel those derived from a sequence-based analysis.
Stem ages of clades in this sample, based on SibleyAhlquist values, varied significantly among regions (F 13, 76 ¼ 4.4, P , 0.0001, R 2 ¼ 0.43). Clades restricted to single tropical zoogeographic regions were relatively old (SA, 8.83 6 2.10, n ¼ 15; OR, 9.54 6 2.76, n ¼ 5; AU, 8.99 6 1.56, n ¼ 15; FR, 7.80 6 2.19, n ¼ 7; GU, 7.88 6 2.08, n ¼ 5) compared to one temperate region (UR, 7.44 6 1.88, n ¼ 5). Clades widely distributed throughout the Western Hemisphere were the youngest (WH, 5.63 6 1.38, n ¼ 7). Nonetheless, the overlap in clade ages between regions was broad.
When region was entered in an ANOVA as a main effect, the log-transformed number of species was independent of the age of a clade (interaction, F 12,63 ¼ 0.63, P ¼ 0.81; with interaction removed, F 1,75 ¼ 0.44, P ¼ 0.51; deleting clades with ,5 species, F 1,64 ¼ 2.4, P ¼ 0.13). Similarly, when age, logarithm of region area, and region latitude (tropical, mixed, temperate) were entered in a multiple regression with the logarithm of species richness as the dependent variable, age also was not a significant effect (interactions not significant, P . 0.05; latitude zone, F 2,84 ¼ 11.8, P , 0.0001; logarithm of region area, F 1,84 ¼ 27.1, P , 0.0001, slope ¼ 0.73 6 0.14; clade age, F 1,84 ¼ 1.5, P ¼ 0.22; model F 4,84 ¼ 10.7, P , 0.0001, R 2 ¼ 0.33). Deleting clades with ,5 species, latitude zone (F 2,73 ¼ 17.6, P , 0.0001) and logarithm of region area (F 1,73 ¼ 30.3, P , 0.0001, common slope ¼ 0.70 6 0.13) remained highly significant effects; clade age was marginally significant and negative (F 1,73 ¼ 5.1, P ¼ 0.027, slope ¼ À0.11 6 0.05) (model F 4,73 ¼ 12.9, P , 0.0001, R 2 ¼ 0.41). Thus, because ln(N) is linearly independent of age, clades appear to reach species saturation rapidly, after which speciation and extinction are balanced (k ¼ l) and net proliferation decreases with time. Accordingly, clade age should be entered as a covariate in comparisons of estimated k among regions. Note further that the assumption of rate homogeneity through time is not strictly appropriate. Taking the latitude zone and logarithm of area of each region into account, estimates of k (Eq. 4) decreased with increasing clade age, regardless of the value of j and regardless of whether clades with fewer than five species were excluded (Table 3 ). The latitude effect also was significant in all these analyses.
The average deviation of k for each region from the regression of k on clade age is presented in Table 4 and is plotted as a function of region area in Fig. 2 . Only clades having five or more species were included and j was set at 0.90. The regression of k on clade age had an intercept of 5.89 6 0.52 and a slope of À0.427 6 0.061 (mean 6 SE; F 1,76 ¼ 48. 
DISCUSSION
The greater species richness of tropical regions potentially reflects a combination of greater lineage age and rates of diversification (Wiens and Donoghue 2004 , Ricklefs 2005a , Hawkins et al. 2006 . In this analysis, clades had similar rank in the taxonomic hierarchy defined by Sibley and Ahlquist (1990) and Sibley and Monroe (1990) on the basis of genetic divergence, which I have used as an estimate of time.
Therefore, it is not surprising that the ages of tropical and temperate lineages used in this analysis do not differ statistically (F 1,58 ¼ 0.01, P ¼ 0.93; clades having five or more species that are exclusively tropical or temperate). Nonetheless, the influence of diversification deeper in the avian phylogeny is readily seen in the number of clades included in the analysis. In the global comparison, of clades with !5 species, 49 are tropical, 11 temperate, and 18 mixed; clades with ,5 species add 9 to the tropical list and 3 to the temperate list. The difference in number of tribe-level clades could reflect greater age, more rapid diversification, or both, within tropical regions. Regardless, it is clear from the tribelevel analysis of diversification rate that species proliferate more rapidly in tropical regions, because of higher speciation or lower extinction, or both.
Under a homogeneous model of speciation and extinction, incorporating a relative extinction rate (j) when estimating speciation rate (k) reduces the ''error'' variance introduced by the systematic decrease in the uncorrected value, ln(N)/t, over time. Consequently, the statistical power of detecting other effects, such as latitude or region area, increases, and biases resulting from different age distributions in different groups are minimized. Nonetheless, the validity of comparisons based on calculated net proliferation rates usually will depend on assumptions of homogeneity of the extinction rate relative to speciation rate (j) across clades and the constancy of speciation and extinction rates through time. I shall return to these points.
In their study of the diversification of clades of flowering plants, Magallo´n and Sanderson (2001) estimated the net rate of species proliferation, r ¼ kl. As in this study, the value of j (their e) was chosen somewhat arbitrarily as the upper bound to ''reasonable'' values and was given the same value for all clades. For a given value of j, r is directly proportional to k and, thus, the more appropriate measure could be argued either way. I have used k in this study for two Table 4 ), adjusted by clade age and calculated with j ¼ 0.90 as a function of regional area for clades from tropical, mixed-latitude, and temperate regions. The regression of the age-adjusted k on log 10 (area), weighted by the square root of the number of clades per region, had a common slope of 1.62 6 0.15 (F 1,9 ¼ 118, P , 0.0001) with an intercept for tropical regions of À1.65 6 0.17 (t ¼À9.7, P , 0.0001) (overall model, F 3,9 ¼ 49.9, P , 0.0001, R 2 ¼ 0.94). Mixed regions were 1.10 6 0.20 (t ¼ À5.6, P ¼ 0.0004) units below the tropical regression, and temperate regions were 1.90 6 0.20 (t ¼ À9.6, P , 0.0001) units below the tropical regression. The analysis was based on clades of five or more species.
reasons. First, the role of diversification rate in creating patterns of species richness is discussed most often in the context of the production of new species (Currie et al. 2004) . Although, extinction rate enters into the equation for diversification equally, many biologists subscribe to the view that recurrent, or background, extinction is driven by the appearance of new species in saturated communities (MacArthur and Wilson 1967 , MacArthur 1972 , Courtillot and Gaudemer 1996 , Sepkoski 1998 , in which case the rate of speciation would be more appropriate.
Second, the rate of diversification required to produce a particular number of species over a fixed time interval is inversely related to the speciation rate when the relative rate of extinction varies. For example, 200 species produced in 20 time units with j ¼ 0.90 implies a speciation rate of 1.52 and an extinction rate of 1.37 (r ¼ 0.15). Producing the same number of species with j ¼ 0.98 implies k ¼ 4.01 and l ¼ 3.93 (r ¼ 0.08, or about half the value at j ¼ 0.90). Thus, when j varies among clades, the value of the net diversification rate is inversely related to both the speciation and extinction rates.
Regardless of the value of j employed, estimates of k should be unbiased or at least uniformly biased to be useful in comparisons of diversification rate. I conducted a series of simulations to test this assumption. A homogeneous speciationÀextinction process is associated with a geometric distribution of clade sizes N at time t. Estimates of k parallel variation in N (Eq. 4) and the mean of these estimates for a large number of independently produced clades should approximate the value used to produce them. To evaluate this proposition, I drew 1000 numbers at random from geometric distributions with means of 10 or 100 species and estimated k for each clade assuming t ¼ 20 and a range of values of j (Table 5) . In this exercise, the values of k were approximately normally distributed (skew and kurtosis not significantly different from 0), but the average k was significantly lower than the value estimated for the mean of the distribution.
I took a similar approach to generating clades by a speciationÀextinction process and estimating k and l from the simulated data. The results presented in Table  6 pertain to simulations with k ¼ 0.200, l ¼ 0.180 (i.e., j ¼ 0.90) for 500 trees generated over time intervals uniformly distributed from 50 to 150 (i.e., 0.2 increments for each successive tree within a trial). The simulations were repeated over 10 trials. Nonlinear curve-fitting of k and j (SAS Procedure NLIN) gave identical results to fitting k and l, which are reported here, along with the value of j calculated from these estimates. The numbers in Table 6 are organized by increasing estimated k, which ranged from 0.049 to 0.391, although half of the values were between 0.177 and 0.195. The average k in the 10 trials was 0.175, which is 87.5% of the value used to simulate the clades. The calculated j averaged only 0.81, and varied in close parallel with k. The confidence limits on k and l (not reported) were broad and for the most part included zero. It appears, therefore, that speciation and extinction rates calculated from clade age and species number systematically underestimate the underlying rates of these processes. This bias should not, however, influence the comparisons between regions undertaken in this analysis.
A problem with the estimation of diversification rates is the need to assume a relative rate of extinction, j. The simplest approach, used in the analyses presented here, is to assume that the extinction rate is a fixed proportion Notes: The numbers for each trial represent the number of clades extant, the mean, standard deviation, minimum, and maximum number of species, fitted values of k and l, calculated j, and the expected number of species for t ¼ 100.
of the speciation rate. Accordingly, when both rates increase, the net proliferation rate r ¼ k -l also increases in direct proportion and one can apply a fixed value of j ¼ l/k to all clades. When the value of j is constant, the calculated value of k varies in direct (although not linear) relation to the number of species, and comparisons among regions or other ''treatments'' are valid. However, when the relative extinction rate varies systematically between regions, one cannot distinguish the influences of variation in speciation and extinction rates. Holding speciation rate or extinction rate constant has nearly identical effects on j and r for comparable differences between expected the number of species per clade. Without direct, independent measurements of k and l, one cannot distinguish between comparisons with constant k, l, j, or r.
In the absence of fossil data, phylogenetic reconstructions provide the only way to estimate extinction rate directly, for example through the analysis of lineagethrough-time (LTT) plots (Harvey et al. 1994 , Nee et al. 1994b , Nee 2001 ). Ricklefs (2006) analyzed a LTT plot for South American sub-oscine passerines using the phylogeny of Sibley and Ahlquist (1990) . The plot suggested time-invariant speciation and extinction rates with a value of j of 0.82. However, because this is the largest avian clade endemic to a region (;966 species), it is not surprising that the apparent speciation rate is markedly higher than the apparent extinction rate. Smaller clades that are closer to the mean value of clade size for a region are more likely to suffer from stochastic factors, making the estimation of speciation and extinction rates more difficult.
Most analyses of LTT plots or branch lengths for small clades indicate a decline in the net diversification rate, suggesting the filling of ecological space and declining speciation rate or increasing extinction rate through time (e.g., Pybus and Harvey 2000; cf. Barraclough and Vogler 2002 , Harmon et al. 2003 , Zhang et al. 2004 ). The analyses presented here are similarly striking in that the apparent value of k decreases with increasing clade age. This is consistent with declining speciation and extinction rates under constant j, with increasing extinction rates under constant k, and with decreasing speciation rates under constant l. In addition, the sizes of clades are independent of their age, which suggests that clades quickly grow to some more-or-less stable size that is either clade specific or time specific. Lack of evidence that clade size is phylogenetically conservative (Ricklefs 2003) and failure to find convincing attributes associated with clade size (Bennett and Owens 2002, Ricklefs 2003) suggest that phases of diversification within clades might have limited life spans regardless of how many species are produced. If true, the underlying mechanism is not apparent.
I am grateful to Dolph Schluter for pointing out that the decline in apparent diversification rate with age could be a consequence of error in estimating the ages of clades. In this case, younger estimated ages will tend to include more underestimated values and older estimated ages will include more overestimated values, reducing the dependence of ln(N) on clade age and causing a negative relationship between estimated k and age. The error in clade age is difficult to estimate. Most of the clades in my global analysis had ''ages'' ranging uniformly between 58 and 128C DT 50 H. In a regression of Sibley and Ahlquist ages against penalized likelihood node ages estimated from genetic data (Appendix C), using values within the tribe range, the standard deviation about the regression line was 0.878C DT 50 H units, or about 11% of the mean. To test the effect of error in age on the relationships of ln(N) and k to age, I simulated clade diversification with j ¼ 0.90, times drawn from a uniform distribution between 5 and 12, and yielding realistic distributions of clade sizes. I then calculated k based on estimates of clade age with variation (standard deviations of 0%, 11%, and 22% of the actual clade age). I then regressed ln(N) and k against estimated clade age. The slope of ln(N) as a function of estimated age decreased from 0.32 to 0.22 and 0.14 over this range (0.002 , P , 0.004), with the intercept increasing from 0.55 (not significant, NS) to 1.24 (P ¼ 0.05), and 2.32 (P , 0.0001). The slope of k vs. estimated age changed from 0.045 (NS) to À0.00 (NS) and À0.14 (P ¼ 0.004) over this range. Thus, even with a substantial age error (22%), a signal of increasing ln(N) with age remains, and k takes on a negative relationship to age only with the higher level of error. In the empirical analysis presented in Results, ln(N) was independent of age. Thus, although error in age estimation is a concern, it probably does not explain the apparent decrease in diversification with clade age.
The influence of regional area was very strong in these analyses. This suggests that unusually large clades of passerine birds might typically have broad geographic distributions rather than distinctive biological traits (Ricklefs 2003) . Including tropical vs. nontropical as an effect, the logarithm of species number per clade was positively related to the log-transformed area of the region with a slope of 0.70 6 0.13, mean 6 SE (F 1,73 ¼ 30.3, P , 0.0001). The underlying causes of this relationship potentially include more ecological space, although Madagascar and New Guinea, the two smallest regions included in this analysis, probably are as diverse ecologically as the larger tropical regions. Large regions might provide more opportunities for isolation by distance and by geographic features that isolate populations by reducing dispersal across unsuitable habitat. Clades distributed among several zoogeographic regions also can increase in diversity through independent radiations in each region. The slope of the speciesÀarea relationship for clades substantially exceeds that for relationships within regions (Rosenzweig 1995) , suggesting that the effect of area on the results of diversification differs from sampling-and extinction-related effects on species richness (Losos and Schluter 2000) .
Clearly, diversification of passerine birds has occurred more rapidly in tropical regions than in temperate regions. Whether this is due to higher rates of speciation or lower rates of extinction cannot be determined in this analysis, and both are possible. In either case, relatively higher rates of species proliferation should be associated with shorter branch lengths in a phylogenetic tree (e.g., Weir and Schluter 2004) . At present, the only way to estimate absolute values of speciation and extinction rates is through the analysis of lineage-through-time plots or changes in branch length through time within phylogenies (Harvey et al. 1994 , Nee et al. 1994a . Eventually, sufficient sampling of phylogenies might permit such comparisons, but this is not yet the case. Based on what we now know for passerine birds, the disparity in proliferation rates between tropical and temperate species suggests that appraisals of incipient speciation (e.g., Martin and McKay 2004) and incipient extinction (Manne et al. 1999 , Purvis et al. 2000 , Cardillo et al. 2005a ) might reveal pervasive differences between tropical and temperate clades.
